The HIV epidemic in Estonia affects the population of people who inject drugs (PWID) the most, but factors associated with adherence to antiretroviral therapy (ART) among PWID have not been thoroughly examined in Estonia, with particularly limited data regarding beliefs and attitudes of PWID. The objective of this study was to explore the association between ART adherence and individual beliefs, perceived effectiveness of ART, and self-rated health in particular, in this specific population. The study used baseline survey data from a longitudinal intervention study of HIV prevention among PWID in Estonia, in which 107 HIV-infected participants reported current use of ART. Current adherence was measured through the use of a visual analog scale. Approximately half (49%) of the participants reported optimal (!95%) adherence. The vast majority (81%) believed in the effectiveness of ART. Less than a quarter of the participants (22%) rated their health as good or very good, and a half (52%) reported average health. Individual beliefs and self-reported health were not associated with ART adherence in both bivariate and multivariable analyses. Participants with problem drinking reported significant suboptimal adherence to ART (adjusted odds ratio [AOR] 0.42, 95% CI 0.19-0.97). Daily injection drug use was also associated with suboptimal adherence (AOR 0.34, 95% CI 0.13-0.91). Problem drinking has not been commonly reported as a factor of suboptimal ART adherence among PWID; further research would be useful to identify the pathways that might be involved.
Introduction
HIV is an important public health concern in Europe. The World Health Organization (WHO) estimated that 2.2 million Europeans were HIV-positive in 2012, among whom 130,000 were newly infected.
1,2 The burden of HIV, however, is not the same between Eastern and Western Europe. The incidence of HIV is higher in Eastern Europe, and this is one of the few regions in the world with a continually rising number of new infections. 3 While the incidence rate declined in Western Europe between 2006 and 2012, there was an approximate twofold increase in Eastern Europe, with people who inject drugs (PWID) the most affected by the epidemic. 4 Estonia is one of the Eastern European countries with the highest HIV incidence, with 24.6 new cases per 100,000 people annually, and has a high HIV prevalence of 1.3% among persons aged 15-49. 5, 6 PWID have been overrepresented in the HIV-positive population in Estonia since the beginning of the HIV epidemic in 2001. 5, 7 In 2011, at least one half of the new HIV infections in the country were related to injecting drug use. 8 Studies conducted among PWID in Estonia also reveal high HIV prevalence rates of 40-90%. [9] [10] [11] [12] Unprotected sex between PWID and their non-PWID sexual partners may account for the increasing number of HIV infections acquired via heterosexual transmission in Estonia and may facilitate the expansion of the HIV epidemic into the general population. 7 With advances in modern medicine, HIV is no longer immediately life threatening, but rather a chronic disease that can remain stable over time. 13 Highly active antiretroviral therapy (ART) has extended the life expectancy of HIV patients and has decreased HIV-related mortality.
14 Furthermore, studies show that patients on ART have reduced HIV transmission in comparison to those who are not on ART, possibly due to suppressed viral replication, suggesting the impact of ART on public health. 15, 16 In Estonia, ART was available free to all patients in need regardless of insurance status, and over 40% of PWID who have HIV are currently receiving ART. 17 The importance of treatment adherence has been widely emphasized in the HIV literature since nonadherence not only leads to failure of viral suppression, but also emergence of drug-resistant strains. 13, 14 For instance, nonadherence among patients in a nonnucleoside reverse transcriptase inhibitor group was found to be associated with the development of class-specific resistance mutations, and in treatmentnaı¨ve patients, low adherence might be a motive to prescribe ART with a higher genetic barrier to resistance. 18 In order to achieve long-term therapeutic effects and to prevent drug-resistant strains from emerging, high rates of adherence to ART are necessary. 19 Physicians often assume that PWID are less likely to adhere to treatment due to psychosocial, co-occurring other drug use disorders (including alcohol) and lifestyle factors. 20 However, one meta-analysis of ART adherence among HIV-positive PWID suggests this population can achieve similar adherence levels as observed among the general HIV-positive population. 21 Nonetheless, adherence to ART among PWID is commonly suboptimal and is an ongoing concern. 22, 23 Given the significant burden of HIV among PWID in Estonia, it is important to ensure their access and optimal adherence to ART. However, factors associated with treatment adherence in this specific population have not been thoroughly studied. In general, studies regarding HIV medication adherence among PWID highlight the importance of mental health, opioid substitution therapy, active drug use, and social support. 21, [24] [25] [26] [27] [28] Side effects have also been explored in a few studies. 20, 24, 27 Although patient beliefs and attitudes, such as perceived necessity of ART and intention to adhere, are consistently associated with medication adherence among HIV patients in general, [29] [30] [31] [32] they are rarely investigated in studies targeting PWID. There are a few American studies focusing on beliefs/attitudes toward ART and medication-taking self-efficacy supporting an association with adherence to ART among PWID, 13, 24, 33 but no similar studies have been identified in Europe. In addition, though average or poor self-rated health among persons living with HIV has been found to increase the odds of patient-initiated changes to ART, 34 inadequate virological response to ART, 35 or nonperfect adherence to ART, 36 research on this topic area is lacking among PWID.
Given the lack of knowledge in this area, our objective was to identify factors associated with less than optimal ART adherence, particularly perceived effectiveness of ART and self-rated health, among PWID in Estonia.
Methods

Overview
We used baseline data from a longitudinal study aimed at evaluating the feasibility and acceptability of multiple interventions for HIV prevention among PWID in Estonia. 17 Adult residents of Tallinn, Estonia aged 18 years or older reporting injecting illegal drugs in the past two months were eligible for the study, while people enrolled in another HIV prevention or drug use intervention study, or had a significant psychological or cognitive disorder that would affect their ability to provide informed consent, were excluded. Respondentdriven sampling, which has been recognized as an effective tool to sample hard-to-reach populations (such as PWID), was employed. 37 Nonrandom selection of seeds (n ¼ 6) representative of the PWID population by age, gender, ethnicity, main type of drug used, and HIV status was employed, and each seed referred up to three other PWID from their existing social networks.
Each participant was asked to complete a 40 min long interviewer-administered survey in either Estonian or Russian. The survey was adapted from the WHO Drug Injecting Study Phase II Survey and included information such as sociodemographic characteristics, drug use behaviors, drug treatments, sexual behaviors, HIV diagnosis and care, and AIDS knowledge. 38 Venous blood was collected from participants and tested for the presence of HIV antibodies using commercially available test kits (ADVIA Centaur CHIV Ag/Ab Combo [SIEMENS]). Incentive payment was provided for participation (10 euros) as well as referral of peers (5 euros for each new referral). Details on the study protocol were approved by the Ethics Review Board at the University of Tartu in Estonia and the Institutional Review Board at Beth Israel Medical Center in New York, USA. A total of 328 PWID completed the baseline survey between 2 July and 15 August 2013; our final analytical sample consisted of 107 of them who reported a diagnosis of HIV and were currently on an ART regimen.
Measures
A visual analog scale (VAS) was used to measure ART adherence. 39, 40 Participants were presented with a horizontal line anchored by 0 and 100%, where the endpoints were labeled 'You do not take ART medication' and 'You take ART medication exactly as suggested by doctor,' respectively. Patients were asked to mark a point on the line representing the percentage of prescribed medications taken in general. While this question does not specify a time period for the reported adherence, the use of present tense in the wording of the question implies that the question concerns current adherence. Previous research supports the association between VAS and undetectable viral load. 39, [41] [42] [43] Optimal adherence was defined as reporting at least 95% adherence in this study. 19 Among the 107 participants who reported current use of ART, 48.6% were categorized as optimally adherent. Perceived effectiveness of ART was assessed with the question 'Do you believe that treatment for HIV is effective?,' where 'Yes,' 'No,' and 'Don't know' were the possible responses. Self-rated health was measured on a 5-point Likert scale.
In addition to sociodemographic factors, other variables included health insurance status, history of incarceration, number of years since HIV diagnosis, diagnosis of tuberculosis, hepatitis B, or hepatitis C in the past, number of current HIV symptoms (tiredness, fever, loss of weight, night sweats, loss of appetite, cough that has lasted over two weeks, blood in sputum, and chest pain), number of years injecting drugs, and frequency of injection in the past month. Since problem alcohol use frequently coincides with drug use, we were also interested in examining the independent effect of alcohol use on ART adherence. The Cut Down, Annoyed, Guilty, and Eye-Opener (CAGE), a four-item questionnaire, was utilized to screen for problem drinking in the past six months. Participants giving affirmative responses to two or more items were classified as problem drinkers. 44 Psychosocial factors were also examined. Satisfaction with life was assessed by asking 'How satisfied have you been with your life over the past four weeks?,' and used a 5-point Likert scale. Mental health was evaluated using the five-item Mental Health Inventory (MHI-5), with scores ranging from 0 to 100, with higher scores indicating a better state of mental health in the past month. 45 A cutoff point of 52 has been suggested to perform the best in detecting major depression. 46 Additionally, participants were asked whether they had received mental health services in the past six months, were currently receiving medication-assisted treatment for drug addiction (methadone maintenance treatment), and knew anyone who died from AIDS.
Statistical analysis
Bivariate analyses were performed to explore differences in individual characteristics between optimally adherent and nonadherent PWID. Independent samples t-tests were used to compare continuous variables; with regard to categorical variables, Chi square or Fisher's exact tests (as appropriate) were performed. Factors statistically significant at the 0.10 alpha level in bivariate analyses were included into the regression model. 47 Multivariable logistic regression was used to determine whether our two primary variables of interest -perceived ART effectiveness and self-rated healthwere each significantly associated with a higher odds of optimal adherence upon adjustment for age, gender, and other variables potentially associated with adherence. Additionally, mental health was retained in our final model regardless of its statistical significance in bivariate analysis since previous PWID studies highlight its association with ART adherence. 13, 21, 25 All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).
Results
Sample characteristics
There were 107 participants (75.7% men) ranging in age between 23 and 54 years (mean 33.1, SD 5.3). The vast majority were either ethnic Russians (83.0%) or Estonians (11.3%). Less than half (47.7%) completed secondary or higher education (! 9 years). Most participants were single (61.7%), and over a half (57.0%) were unemployed. A large proportion (85.8%) reported having health insurance.
Length of HIV diagnosis ranged from 0 to 23 years (mean 8.7, SD 4.0). Duration of injecting drug use also varied, ranging from 1 to 32 years (mean 14.5, SD 4.8). Approximately a quarter (27.1%) reported injecting drugs daily in the past month. Less than half (42.9%) were receiving methadone maintenance treatment. Nearly half had either problem drinking (CAGE scores !2) or poor mental health (MHI-5 52) (48.6 and 49.5%, respectively). The vast majority (81.3%) believed in the effectiveness of ART. Less than a quarter (22.4%) rated their health as good or very good, and approximately half (52.3%) reported average health.
Bivariate analysis
Perceived effectiveness of ART (p¼0.90) and self-rated health (p¼0.34) each were not statistically significantly associated with treatment adherence (Table 1) . Additionally, none of the sociodemographic factors, nor was mental health statistically significantly related to adherence. However, frequency of injecting drug use and problem drinking were each found to be statistically significant. Daily drug users had a 63% reduced odds of optimal adherence versus nondaily users (OR 0.37, 95% CI 0.15-0.91). Problem drinkers had a 55% reduced odds of optimal adherence versus nonproblem drinkers (OR 0.45, 95% CI 0.21-0.97).
Multivariable analysis
Perceived ART effectiveness (yes versus no/don't know) (p¼0.95) and self-rated health (very good/good versus poor/very poor: p¼0.69; average versus poor/very poor: p¼0.36) remained nonsignificant after adjustment, whereas frequency of drug use and problem drinking stayed significant (Table 2 ). Injection drug users had a 66% lower odds of optimal adherence (adjusted odds ratio [AOR] 0.34, 95% CI 0.13-0.91). Problem drinkers had a 58% lower odds of being adherent (AOR 0.42, 95% CI 0. 19-0.97 ). An additional model excluding the nonsignificant variables in our bivariate analysis (i.e. age, gender, and mental health) showed no meaningful change on the coefficients of the two belief variables (results not shown).
Discussion
To our knowledge, this is one of the first studies exploring individual beliefs and other factors related to ART adherence among PWID in Eastern Europe, where PWID continue to bear a significant burden of HIV infections. 4 The self-reported optimal (95%) adherence rate in the present study was 48.6% and differed from existing studies of PWID, which generally report higher rates, ranging from 70 to 84%. 13, 24, 25, 48, 49 However, adherence estimates are strongly sensitive to the measures and cutoff values chosen. 50 Our study used a 95% cutpoint, while others have used 80 or 90%. 13, 24, 25 Furthermore, our study measured adherence based on VAS, whereas recall on the number of pills taken or missed is frequently used in previous studies. 13, 24, 25 VAS has been reported to have better agreement with viral load, which is the biological ('gold standard') measure of adherence, as compared to self-reported recall measures. 39 Our study used a respondent-driven sampling method, resulting in a community-based sample of PWID in Tallinn, while others rely on institutional-based samples (participants from clinics or drug treatment programs), 13, 24, 25 which may introduce selection bias and overestimate true population adherence. Additionally, our study recruited only people who were currently (within the previous two months) injecting drugs, while others include drug users who were not currently injecting. 13, 25 Patient beliefs and/or attitudes have been identified as correlates of treatment adherence among the HIV-positive population in several European studies. 29, 30, 32, 51 The present study found no significant independent association between individual beliefs and adherence to ART among PWID, however. Our analysis focused on perceived effectiveness of ART and self-rated health, but we are not aware of research targeting the same areas. Studies suggest attitudes toward ART, self-efficacy for taking medication, and concerns about ART side effects are also associated with adherence, though these studies were conducted in the United States. 13, 24, 33 Our null findings on self-rated health can be explained by the two-sided relationship of 'feeling healthy' to ART adherence. Adherence may be reinforced if an individual attributes his/her healthiness to adhering to medication, but it may also be reduced if one believes he/she is healthy enough to skip medications (a person who is less than optimally adherent may still be symptom-free). Both thought patterns might have occurred in our study population, thus producing the observed null association. With respect to perceived effectiveness of ART, Arnsten et al. 13 reported that positive attitudes toward ART correlate with better adherence, which differs from our findings. Such distinction, however, may be reflective of the instruments used to measure beliefs related to ART (a continuous 11-item scale in Arnsten et al.'s study versus a dichotomized single-item measure in our study). We also had very little variance in the belief in the effectiveness of ART.
To the best of our knowledge, the present study was the first to report a significant association between alcohol use (problem drinking) and ART adherence among PWID in the region. Though alcohol abuse among PWID is commonly reported in studies from St. Petersburg, Russia (66%) and Estonia (58%), 52 drinking patterns are frequently ignored by treatment and prevention interventions. This is somewhat surprising, since alcohol use disorders among PWID have been found to have potential detrimental effects on health. [53] [54] [55] In studies from USA, patients with cooccurring alcohol and injecting drug use disorders had a significantly lesser increase in CD4 cell count after initiation of ART when compared to patients who were neither alcohol users nor injecting drug users 53 ; hazardous alcohol use alone was associated with decreased ART use, adherence, and viral suppression and with injection drug use coaddiction further exacerbating these negative effects. 54 It has been suggested that heavy alcohol drinking has significant negative effects on a variety of clinical outcomes (i.e. HIV viral load, CD4þ T-cell count, and estimated liver fibrosis), some which are mediated through reduced ART adherence. 55 Our findings are compatible with a few studies supporting the association of hazardous drinking with ART adherence and HIV-1 RNA suppression. 56, 57 However, one French study failed to find any association with alcohol use; though the number of units of alcohol consumption and not problem drinking was explored. 25 A few studies also report problem drinking as a significant factor of adherence among HIV patients in general. 39, 57 However, in a recent study using a HIV clinic-based sample in Estonia, no association was found between harmful patterns of alcohol use and ART adherence. 32 The difference between the present and the previous Estonian studies may indicate that problem drinking correlates to adherence exclusively among PWID, but further studies are required to confirm our results. It would also be important to understand the pathways through which alcohol use is associated with poor adherence and whether alcohol use is a predictor of adherence.
Our study also highlighted the potential influence of drug use frequency (nondaily injection versus daily injection) on ART adherence. Existing literature supports the association of active injecting drug use with virological failure and poor adherence to ART. 25, 58, 59 Our findings provide additional evidence on this topic. The mechanism of how active drug use is related to ART adherence is not exactly known. While lifestyle factors and lack of social support may play a role, one study suggests that active drug use predicts lapses in HIV care, which may affect treatment adherence and outcomes. 59 Our study had several limitations. First, the measurements of individual beliefs were limited. The current study was not designed to solely evaluate beliefs related to ART and health and employed single-item measures for these variables. Our study also explored limited aspects of individual beliefs, and a definitive conclusion regarding the association between individual beliefs and ART adherence cannot be reached. The Health Belief Model suggests that beliefs can be broken down into areas such as perceived susceptibility and self-efficacy. 60 Thus, future research exploring topics such as selfefficacy for taking medications and perceived risk of disease progression, in addition to perceived ART effectiveness and self-rated health, would allow enhanced understanding on how beliefs are related to treatment adherence among PWID. Second, our study used self-reported adherence, which might be subject to overestimation of the true adherence level. However, VAS was reported to have good correlation with objective measures such as medication event monitoring system. 42 Research has also supported the validity of VAS when measuring medication adherence. [39] [40] [41] Lastly, causal inferences could not be drawn from the present study due to its crosssectional design.
Nonetheless, this very first study of ART adherence among PWID in Estonia provides insight into the factors related to adherence in this specific population. Our study shows that perceived effectiveness of ART and self-rated health are not independently associated with ART adherence, but in order to fully understand the relationship of individual beliefs to adherence among PWID, future research with comprehensive assessments on beliefs and attitudes would be necessary. In addition, we found that problem drinking and daily injecting drug use are significantly associated with less than optimal adherence to ART among the sampled PWID population. Alcohol use had been rarely investigated in adherence studies targeting PWID; thus, further research would be useful to identify the potential pathways.
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